Introduction
Major and minor salivary glands are sites in which both benign and malignant tumours may develop. Salivary gland cancer is a rare disease with a largely unknown origin (Muscat & Wynder, 1998) . Nevertheless several environmental factors, such as certain types of jobs, and ionizing and ultraviolet radiations, have been described as related to the initiation of this condition (Swanson & Burns, 1997; Horn-Ross et al, 1997a ,1997b Nagler & Laufer, 1997) .
Dietary aspects, although not thoroughly investigated, are also associated with salivary tumorigenesis. Epidemiological and laboratory evidence suggests that a high intake of total fat, mainly from saturated animal sources, increases the susceptibility to cancer at different sites, particularly the breast and colon (Palmer & Bakshi 1983; Navarro et al, 1998) . Thus, an increased consumption of fruit and vegetables along with limited amounts of foods high in saturated fat may be an effective policy for preventing the development of these tumours (Horn-Ross et al, 1997a ,1997b . It has been shown that essential fatty acids (EFA) play a signi®cant role in the tumorigenesis of various organs. In this respect, the n-3 polyunsaturated fatty acids abundant in ®sh oils as well as certain n-6 derivate like gammalinolenic acid (GLA) have a protective effect on tumour development due to some mechanisms of control in cell proliferation (Horrobin, 1990; Hubbard et al, 1998) . On the other hand, the n-9 oleic acid, as the main source of fat, may behave as a tumour promoter on certain cell populations through perhaps the essential fatty acid de®ciency that it induces Eynard, 1997) .
The aim of this review is to analyse the role played by nutritional factors, especially dietary lipids, in salivary gland tumorigenesis from an epidemiological and experimental point of view. For that purpose, a previous update of the incidenceaprevalence, histopathology and cellular biology of this condition as well as the polyunsaturated fatty acid metabolism is presented.
Epidemiologic aspects of salivary gland tumours
Three percent of all the neoplasms are located in the salivary glands. Their incidence in the general population varies from one to three cases per 100,000 inhabitants per year, women being the most affected (Bascones & Llanes, 1991) . Since the majority of pathological conditions have different incidence and behaviour according to the geographic regions, epidemiologic data related to salivary gland tumours may show interesting evidence when analysed in different countries. Thus, the highest rates are found in Malaysia and China. As regards race, esquimos, who have a very high intake of n-3 fatty acids, are paradoxically the most affected (Bascones and Llanes, 1991) . It should be remarked that the population of Alaska and Greenland has a high risk for salivary gland cancers, due perhaps to their frequent exposure to the Epstein ± Barr virus (Swanson & Burns, 1997; Sheen et al, 1997) . The incidence rate per 100,000 population for salivary gland cancers in the United States is 0.9 and mortality is 0.2 per 100,000 (Swanson & Burns, 1997) . It was observed in a survey conducted in Sweden that malignant tumours of the major salivary glands represented 0.3% of all new cancers diagnosed in the country. With respect to their location, it was found that the most common sites were the parotid (57.5%) and the accessory salivary glands (22.6%) (Ostman et al, 1997) . A similar study was performed in Israel and the results were not completely coincident. Taking into account all the salivary gland tumours, 57.9% affected the parotid, 13.9% the submandibular, 0.8% the sublingual and 27.3% the minor glands. On the other hand, 73.5% were classi®ed as benign and 26.5% as malignant. There was a female preponderance (1.16 : 1.0) for benign tumours and a male preponderance for malignant ones (1.32 : 1.0). The mean age for patients bearing malignant and benign lesions was 55.2 and 42.6, respectively. The main sites for benign tumours were the parotid (67.8%), minor salivary glands (18.9%) and submandibular (13.3%). No benign lesions were observed in the sublingual glands. The principal locations of malignant conditions were the accessory glands (50.8%), the parotid (30.8%), submandibular (15.4%) and the sublingual glands (3.0%) (Nagler & Laufer, 1997 ).
An Italian study showed that the malignant neoplasms increased with age and were more frequent in submandibular and sublingual than the parotid (Martin et al, 1989) . On the contrary, it was observed through another Italian survey that the most affected gland was the parotid, followed by the submandibular and minor salivary glands (Badellino et al, 1991) . A retrospective study conducted in Denmark showed that the submandibular was the most frequent location of salivary malignant lesions (Andersen et al, 1991) . In Kenya results indicated that there was no evidence of higher incidence of salivary tumours than in nonAfrican countries. The pattern of distribution was not coincident with that of Western regions but with most of the African series. Thus, a low proportion of parotid and a high proportion of submandibular and palate gland tumours were seen (Onyango et al, 1992) .
With respect to minor salivary gland tumours, a study carried out in Oklahoma showed that 55% and 45% of cases were benign and malignant, respectively. There were no sex differences in the relative incidence of both tumours. The seventh decade was the peak occurrence age and the palate was the most frequent location (Neely et al, 1996) .
It can be concluded that the salivary glands may be affected by malignant tumours, whose incidence and other epidemiological data vary according to the geographical regions. The parotid appears to be the most frequent location followed by the minor salivary glands.
Risk factors
Ionizing radiation has frequently been associated with salivary gland tumours. A study carried out among the atomic bomb survivors of the Japanese cities of Hiroshima and Nagasaki, showed a causal role of this type of radiation on salivary gland tumorigenesis, particularly mucoepidermoid carcinoma as well as on the induction of one unusual benign tumour (Warthin's tumour; Saku et al, 1997) .
Radiation, both radiotherapy and ultraviolet treatments of head and neck as well as full-mouth dental X-rays, was associated with an increased risk of salivary gland cancer, especially in earlier times when exposure doses were higher. Occupational exposure to radiation, radioactive materials and nickel compounds are also risk factors.
A recent increase in the incidence of malignant salivary gland tumours recorded in Israel is possibly due to a greater exposure to ultraviolet radiation, which would indicate a high risk for this condition in countries with intense solar radiation (Nagler & Laufer, 1997) . Habits like smoking and heavy alcohol ingestion are related to this type of cancer, but only in men (Horn-Ross et al, 1997a ,1997b .
Signi®cantly elevated odds ratios were found among women working as hairdressers and in beauty shops. Men employed in the railroad industry, oil and gas sales, post of®ce and as machine repairers were also at risk. In all these cases, salivary gland tumours are associated with exposure to inhaled chemicals, fumes and sprays (Swanson & Burns, 1997) . On the contrary, Muscat & Wynder (1998) found in a caseacontrol study that cigarette smoking, alcohol consumption and most job-related exposures are not related to salivary gland cancer.
Since a strong association between salivary gland tumours and blood group A had been reported, an epidemiologic study was carried out in Jefferson County, Alabama, United States. The results showed no differences when benign and malignant tumours were considered separately. The distribution of Rh factor among cases and controls also did not differ signi®cantly (Pinkston & Coe, 1996) . Therefore, ionizing radiation, some occupational exposures and certain habits are considered as risk factors for salivary tumours.
Tumorigenesis
There is little current knowledge concerning tumour induction in salivary glands. Histogenetic concepts for salivary gland tumours are based on the presence of reserve or undifferentiated cells in normal glands, presumably the source for cell renewal and induction of tumours. However, experimental results suggest that an appearance of undifferentiation does not confer reserve cell status either in the normal salivary gland or their tumours (Norberg et al, 1996) . Current concepts of salivary gland tumorigenesis require modi®cation because all cell types, including acinar cells, are at risk in the carcinogenic process (Ballagh et al, 1994) . All segments of the ductual system, which undergo squamous metaplasia, may be involved in the origin of malignant tumours during experimental carcinogenesis (Sumitomo et al, 1996) .
A study suggested that salivary gland cancers may be related to abnormal hormonal status, since high rates of breast cancer occur in these patients both before and after their diagnosis of salivary gland cancers (Swanson & Burns, 1997) . It was experimentally observed that even though testosterone increases the production of epidermal growth factor in the dimethybenzanthracene (DMBA)-injected submandibular gland, it does not promote the development of carcinomas (Yura et al, 1995) . c-erbB-2 oncogene and mutant p53 gene play an important role in the carcinogenesis of myoepithelial carcinomas of salivary glands (Wang et al, 1996) .
Histopathology: prognosis and biological markers
Some tumour characteristics, such as the histopathological and clinical features, localization and even treatments, are mostly the base for predicting the course of salivary gland cancer (Goode et al, 1998; Konno et al, 1997) .
Only few biological markers may indicate the course of head and neck carcinomas in general. HER-2aneu gene ampli®cation andaor overexpression appears to be an independent marker of poor prognosis in mucoepidermoid carcinomas of the salivary glands, as it is in carcinomas of Salivary gland tumorigenesis AB Actis and AR Eynard breast, ovary and endometrium (Press et al, 1994) . The activation of c-myc and ras p21 protooncogenes and p53 mutation appear to transform the pleomorphic adenoma in a malignant variety (Deguchi et al, 1993) . It was also observed that a loss of chromosome 17 precedes this transformation (Li et al, 1997) . The c-erbB-2 oncoprotein expression was shown to be a useful prognosis indicator of salivary gland malignant pleomorphic adenomas (Yan et al, 1995) . p53 oncoprotein, which might be involved in the development of adenoid cystic carcinoma of parotid and palatine salivary glands, may also indicate a poor prognosis (Zhu et al, 1997) . p53 alterations would be involved in later stages of this tumour progression, this fact being important for its recurrence (Papadaki et al, 1996) . On the contrary, Karja et al (1997) state that, even though p53 expression was found in benign and malignant tumours, it has no correlation with local recurrence, metastasis and patients' survival. The¯ow cytometric DNA content and the assessment of nucleolar organizing regions (AgNORs) may be employed to estimate the prognosis of adenoid cystic carcinoma of head and neck (Xie et al, 1997) . A study showed that AgNOR staining was not correlated with p53 abnormalities, supporting the fact that abnormal nuclear accumulation of p53 protein is correlated with genetic instability of human salivary gland carcinoma cells (Suzuki, 1994) . Nevertheless, currently no biological markers can satisfactorily assess the impact of diet on cancer (Pero et al, 1993) .
Experimental aspects
The appearance of spontaneous salivary gland tumours in experimental animals and particularly in rodents is very rare (Frith et al, 1994) . Occasional spontaneous parotid gland tumours, identi®ed as acinic cell carcinomas, have been reported especially in male mice when inducing mammary neoplasms (Dardick et al, 1992) .
However, malignant lesions affecting these exocrine glands may be induced by different methods, the use of chemicals being the most commonly accepted. Dimethylbenzanthracene, benzopyrene, methylcholanthrene, dibenzanthacene, with or without the surgical exposure of glands, have been the most widely employed substances, especially in mice, rats and hamsters (Zaman et al, 1996; Actis et al, 1999) .
Potassium iodide added to the drinking water and the administration of 2-amino-3-methyl-9H-pyrido [2,3-b] indole (MeA alpha C) to rats induced squamous cell carcinomas and ®brosarcomas of the salivary glands, respectively (Takegawa et al, 1998; Tamano et al, 1994) . 12-O-tetradecanoyl-13-acetate was also shown to be a tumour promoter in in vitro experimental models (Wigley, 1983) .
Although all ductal segments are potential sites for developing experimental cancer, acinar cells do not appear to be involved in the metaplastic process (Sumitomo et al, 1996; Takai et al, 1986) . The granular convoluted tubule cells are the targets in chemical submandibular gland carcinogenesis (Takai et al, 1986) .
Moreover, many reports indicate that murine salivary gland tumours may be transplanted to other animals along various generations or even autotransplanted. Salivary gland adenocarcinomas, which arose spontaneously in female BALBac mice, were serially transplanted to 14, 28 and 29 generations achieving 100% takes (Delaney, 1997) . DMBA-induced carcinomas and sarcomas were successfully transplanted to C57BLa6J mice (Cataldo et al, 1982) . Salivary transplantable tumours are also mentioned as induced by oestrogen in Nb rats (Noble & Hoover 1975) .
Autotransplanted tumours of rat submandibular glands, in which proliferation was observed in 42.8% of cases, exhibited a histological pattern similar to that of the primary lesion (Watanabe et al, 1987) . Human pleomorphic adenomas of parotid gland have been transplanted to nude mice and it was immunohistologically demonstrated that most features of this tumour remain constant under the transplantation conditions (Caselitz et al, 1985) . In conclusion, both transplanted and chemically induced salivary gland tumours are useful experimental models to investigate their biology.
Cancer and diet
Natural and synthetic agents incorporated by diet may modify the carcinogenesis at different stages. Among the ®rst group, vitamins, coumarin, indoles,¯avons, plant sterols and selenium salts should be considered. The latter include retinoids, phenolic antioxidants and prostaglandin synthesis inhibitors. Their action mechanisms include the stimulus of the immune response, induction of gene suppression, detoxi®cation of carcinogens or blockage of oxidative damage to DNA (Decosse, 1982) . Epidemiological and laboratory studies suggest that a frequent intake of some fruits, especially citrus and cruciferous or carotene-rich vegetables, may reduce the cancer risk whilst the frequent consumption of salt-cured, salt-pickled and smoked foods exerts the opposite effect on the oesophagous and stomach (Palmer & Bakshi, 1983) . There is also a correlation between vitamin A de®ciency and enhanced tumorigenesis (Palmer, 1985) .
A protective effect against upper aerodigestive tract cancers of daily vegetable and weekly ®sh consumption was observed. On the other hand, the use of red chili powder appeared to increase the risk of these tumours and tea drinking was related to oesophageal cancers (Notani & Jayant, 1987) . Intake of vitamin C equivalent to 200 mgaday or more was associated with a 60% decrease of salivary gland cancer risk (Horn-Ross et al, 1997a , 1997b .
On the other hand, lipid consumption, depending on the amount and composition, is closely related to tumour promotion or prevention. EFA, which are not synthesized by mammalian cells and must be incorporated through diet, play an important role in tumorigenesis (Table 1) . Thus, ®sh and vegetable oils rich in n-3 polyunsaturated fatty acids have a protective effect against murine cancer, especially in the mammary gland (Caygill et al, 1996) . Linoleic acid (n-6) is still controversial, being anti-or protumorigenic according to the cell population and species involved Mun Äoz et al, 1998) . n-9 oleic acid seems to induce rodent tumour promotion at various sites due probably to the essential fatty acid de®ciency (EFAD) that it causes Monis & Eynard 1981) .
The protective effect of n-3 fatty acids would be related to an increasing production of antiproliferative metabolites (Horrobin, 1990) . On the other hand, the promoting activity of oleic acid, related to the EFAD condition, may be induced by an altered production of eicosanoids which behave as cell proliferation and differentiation modulators (Abdel-Hakim et al, 1994) .
A caseacontrol study carried out in Co Ârdoba, Argentina where fatty red meat is frequently consumed, showed that saturated fatty acids and cholesterol were signi®cantly associated with an elevated risk of colon cancer (Navarro et al, 1998) . Both epidemiological and laboratory evidence suggests that a high intake of total fat increases susceptibility to cancer at different sites, but especially breast, colon and even the oral cavity (Palmer & Bakshi, 1983) .
It was proposed that a reduced fat intake has a protective effect against breast cancer. It was also demonstrated that a caloric restriction may reduce the breast tumour incidence by decreasing the expression of oncogenes and by enhancing antioxidant enzymes mRNA and tumour supressor gene p53 (Stoll, 1998; Chandrasekar et al, 1994) .
All the previous facts explain why the National Cancer Institute and the American Cancer Society have recommended dietary guidelines to reduce the cancer risk (Palmer, 1985) .
Polyunsaturated fatty acid (PUFA) metabolism n-7, n-9, n-6 and n-3 are the four families of PUFAs, named thus due to the position of the ®rst double bond from the methyl end of the molecules. Among these, only linoleic acid (n-6) and a-linolenic acid (n-3) are essential fatty acids and must be incorporated through diet since they can not be synthesized by mammalian cells. Once ingested, EFA undergo chain elongations and desaturation to produce a variety of polyunsaturated fatty acids of the same family (Jiang et al, 1998) . Figure 1 shows their metabolic pathways.
Salivary gland cancer and lipids
Little data can be found about the relationship between salivary gland tumours and dietary lipids. To this respect, Horn-Ross et al (1997a , 1997b mentioned an association between high cholesterol intake, which nutritionally behaves as a saturated fat, and increased risk of salivary gland cancer.
Previous studies have shown that cellular proliferation in salivary glands and other oral epithelia is signi®cantly in¯uenced by dietary lipids. Thus, it was observed that EFAD rats had increased cellular proliferation of salivary glands, tongue and palate (Monis & Eynard, 1981) . Hyperproliferation may be linked to enhanced proneness to cancer, due perhaps to clonal expansion (Eynard, 1997) .
Salivary gland tumours were induced by subcutaneous injections of DMBA on BALBac mice fed on 5% of different oils. In this study, n-9 rich oleic acid had a protumorigenic activity. On the contrary, ®sh oil rich in n-3 polyunsaturated fatty acids was shown to be a protec- Figure 1 Pathways of metabolism of the n-7, n-9, n-6 and n-3 unsaturated fatty acids and sites of action of the desaturases. Conversion of the two parents EFAs, linoleic (LA, n-6) and alpha-linolenic (ALA, n-3) acids to the 20-carbon PUFA, arachidonic acid (AA, n-6) and eicosapentaenoic (EPA, n-3), requires chain elongation and delta 6 and delta 5 desaturations. AA and EPA are necessary for the optimal functions of many tissues and are also precursors of the biologically active prostaglandins (PGs) and eicosanoids.
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AB Actis and AR Eynard tive food. A linoleic acid-rich diet had a similar effect to the control group (Actis et al, 1999) .
Discussion
According to epidemiologic data presented by Bascones & Llanes (1991) , the highest incidence rate of salivary tumours is found in Malaysia and China, countries which are known to base their diets on ®sh, seafood, cereals and vegetables. The intake of non-essential fatty acids is not signi®cant. The fact that this Oriental population has a high consumption of marine food could be controversial with the proposed protective effects of the polyunsaturated n-3 fatty acids on salivary gland neoplasms. Taking into account the demonstrated modulatory in¯uence of these lipids on several tumours and to some extent on salivary cancer, those ®ndings should be attributed to some other etiology rather than to the dietary fat, an aspect that deserves further research.
A caseacontrol study showed the protective effect of frequent intake of vegetables and ®sh, with non-daily consumers at a two-fold risk and non-weekly consumers at a two to three-fold risk (Notani & Jayant, 1987) .
A high cholesterol intake was related to an increased risk of salivary gland cancer (Horn-Ross et al, 1997a , 1997b . It should be remarked that cholesterol is associated with a saturated fat consumption, which is expected to induce an EFAD and a consequent hyperproliferation (Eynard, 1997) . This fact would be coincident with the protumorigenic activity of the non-essential oleic acid found in our experimental study (Actis et al, 1999) .
Conclusions
Although preliminary, our experimental results in addition to some epidemiological ®ndings concerning the role of nutritional factors, mainly dietary lipids, on salivary gland tumorigenesis indicate that further research in this ®eld is necessary. Results obtained from different laboratory and clinical studies showing the relationship of dietary lipids and the protective or promoting effect on tumours at various sites, mainly breast and colon, also give support to the present hypothesis.
